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Abstract: The previously developed approaches for fuel droplet heating and evaporation processes, 
mainly using the Discrete Multi Component Model (DMCM), are investigated for the aerodynamic 
combustion simulation. The models have been recently improved and generalised for a broad range 
of bio‐fossil fuel blends so that the application areas are broadened with an increased accuracy. The 
main distinctive features of these models are that they consider the impacts of species’ thermal con‐
ductivities and diffusivities within the droplets in order to account for the temperature gradient, 
transient diffusion of species and recirculation. A formulation of fuel surrogates is made using the 
recently introduced model, referred to as “Complex Fuel Surrogate Model (CFSM)”, and analysing 
Citation: Al Qubeissi, M.; Al‐Esawi, their heating, evaporation and combustion characteristics. The CFSM is aimed to reduce the full 
N.; Soyhan, H.S. Combustion of Fuel composition of fuel to a much smaller number of components based on their mass fractions, and to 
Surrogates: An Application to Gas formulate fuel surrogates. Such an approach has provided a proof of concept with the implementa‐
Turbine Engines. Energies 2021, 14, tion of the developed model into a commercial CFD code ANSYS Fluent. A case study is made for 
6545. https://doi.org/10.3390/ the CFD modelling of a gas turbine engine using a kerosene fuel surrogate, which is the first of its 
en14206545 
kind. The surrogate is proposed using the CFSM, with the aim to reduce the computational time 
and improve the simulation accuracy of the CFD model. 
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1. Introduction 
Publisher’s Note: MDPI stays neu‐ Energy demand is sharply increasing along with the increase in the worldwide pop‐
tral with regard to jurisdictional ulation and global fossil fuel consumption. This demand is expected to grow at an average 
claims in published maps and institu‐ annual growth rate of around 1% [1]. Currently, more than 99% of the transport sector is 
tional affiliations. powered by combustion engines, which contribute to around 14% of Greenhouse Gas 
Emissions (GGE) [1,2]. Due to the depletion of fossil fuels, governments and industries 
are aiming to shift from the dependency on fossil fuels to renewable energy sources (e.g., 
biofuels) [3–5]. The use of a mixture of biofuels (e.g., biodiesel and ethanol) with fossil 
Copyright: © 2021 by the authors. Li‐
fuels in standard propulsion systems can reduce GGE and lead to complete combustion 
censee MDPI, Basel, Switzerland. 
[6]. According to the US Environmental Protection Agency, all gasoline engine vehicles 
This article is an open access article 
can use a blend of gasoline fuel with up to a 10% volume fraction of ethanol without the distributed under the terms and con‐
need for engine modification [7]. The reduction in CO2 emissions without a loss of engine ditions of the Creative Commons At‐
tribution (CC BY) license (http://crea‐ performance is noticeable for this mixture [8]. According to the European Renewable Eth‐
tivecommons.org/licenses/by/4.0/). anol Association, replacing European gasoline with a mixture of 10% ethanol and 90% 
gasoline (known as E10) would reduce the GGE by 6% [9]. Mixtures with up to 15% of 
Energies 2021, 14, 6545. https://doi.org/10.3390/en14206545 www.mdpi.com/journal/energies 
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ethanol and 85% of gasoline fuel have been approved for use in 2001 and newer vehicles, 
under the U.S. federal standards for renewable fuel [10]. Unsurprisingly, this increase in 
the ethanol content in the baseline fuel would reduce the GGE even further. For diesel 
fuel, it is known that mixtures with up to 85% diesel and 15% ethanol are used in standard 
diesel engines without significant impacts on these engines [11]. In addition, it has been 
reported in [12] that ethanol can be blended with diesel fuel at up to 20% ethanol. 
Based on the scientific ground of the applicability of bio‐fossil fuel blends in conven‐
tional gasoline and diesel engines [13], governments set targets for the use of biofuels by 
increasing their fractions in the baseline fuel (gasoline and diesel). According to the UK 
Department for Transport, the British government has legislated a new policy for increas‐
ing the percentage of bio/fossil fuel blends from 4.75% in 2018 to 9.75% in 2020 and to 
12.4% in 2032 in order to achieve its obligations regarding reducing the GGE by 6% by the 
end of 2020 [14]. Recently, the US administration gave approval for the compulsory use 
of E15 [15]. 
The importance of the multi‐component fuel droplets heating, and evaporation pro‐
cesses has been highlighted in literature [13,16,17]. These processes precede the onset of 
ignition, and play an essential role in the performance of engines due to their very short 
time before the ignition of the air/fuel mixture [18]. Incomplete combustion and high lev‐
els of pollutant are expected when the fuel is not well mixed with air and completely 
evaporated. As such, understanding these processes is crucial to the design and optimum 
operation of engine. Different models were developed for the simulation of multi‐compo‐
nent fuel droplet heating and evaporation [19–22]. In most cases, the modelling of heating 
and evaporation of multi‐component droplets were represented by single components; 
for instance, gasoline was represented by iso‐octane [23] and diesel was represented by n‐
dodecane [24,25]. These approaches were based on two assumptions: (1) the effect of spe‐
cies diffusion inside droplets during the evaporation process and (2) the effect of finite 
thermal conductivity with droplets could be ignored. Most of these studies (e.g., [26,27]) 
relied on these assumptions to reduce the model complexity and the computational cost 
(CPU time). 
The importance of considering the effect of species diffusion inside droplets and fi‐
nite thermal conductivity was highlighted in many studies, and they were modelled using 
the Effective Thermal Conductivity/Effective Diffusivity (ETC/ED) models [28–30]. The 
importance of the latter models was represented by the fact that they considered the re‐
circulation, temperature gradient and species diffusion inside droplets. Recent models 
were developed to consider ETC/ED models, including the Discrete Multi‐Component 
Model (DMCM), Quasi‐Discrete Model (QDM) and Multi‐Dimensional Quasi‐Discrete 
Model (MDQDM). The combustion studies were always based on the approximation of 
the composition of a fuel by a certain number of components to match the real combustion 
characteristics of the fuel [31,32]. These approximations, commonly known as fuel surro‐
gates, were mainly used due to the unavailability of the chemical mechanisms of many 
components and the lack of computational resources. Although fuel surrogates were good 
representatives of the real fuel composition in terms of their chemical behaviour, these 
surrogates might not be able to match the physical characteristics of that fuel. 
In this analysis, the suggested kerosene fuel surrogate is examined in terms of heating 
and evaporation using the implemented CFSM into ANSYS Fluent via the User‐Defined 
Function (UDF). The use of surrogates in CFD analysis can make a good representation of 
the fuel composition, with a minimum sacrifice in the computational efficiency. The model 
has been validated in comparison to experimental measurements, and the simulation ac‐
curacy is investigated in comparison to standard CFD data. Finally, the ignition time delay 
of the suggested surrogate is predicted and compared to those of the fuel composition of 
the kerosene and ANSYS kerosene suggested surrogate. 
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2. Method 
In this analysis, kerosene fuel surrogate is inferred from [33] and formulated using 
the complex fuel surrogate (CFS) model in [34]. The formulated surrogate is then com‐
pared with the kerosene surrogate provided in the commercial CFD software tool ANSYS 
Fluent. The CFS in [34] was based on the effective Thermal Conductivity and Effective 
Diffusivity (ETC/ED) models. These models were described in [35,36]. The transient heat 
and species diffusion equations are solved analytically for a spherically symmetric droplet 
[37]: 




𝐷   , (2) 
where 𝑇  𝑇 𝑟, 𝑡  is temperature 𝑇  𝑇 𝑟, 𝑡 ; 𝛼   
 
 
is the liquid thermal diffusivity, 
𝜌  , 𝑘  and 𝑐  are the liquid density, liquid thermal conductivity and specific heat capac‐
ity, respectively; 𝑟 is the distance from the droplet centre; 𝑡 is time; 𝑌  𝑌 𝑟, 𝑡  is the 
mass fraction of species 𝑖; 𝐷  is the liquid species diffusivity calculated using the Wilke– 
Chang approximation [38]. The thermal and mass diffusivities were replaced by the effec‐
tive thermal/mass diffusivity to consider the recirculation inside the liquid droplet. The 
droplet mass evaporation rate, 𝑚 , is calculated as: 
𝑚  2𝜋𝑅 𝐷 𝜌 𝐵  Sh , (3) 
where 𝜌  is the density of the mixture of vapour and air, assumed to be independent of 
the distance from the droplet surface, 𝐵  is the Spalding mass transfer number, Sh  is 
the isolated droplet’s Sherwood number estimated following Sirignano [39] and 𝐷  is the 
vapour binary diffusion coefficient calculated using the Wilke–Lee formula [40]. 
In [34], the carbon number of each Approximate Discrete Component (ADC) gener‐
ated by the CFSM was introduced as: 
∑  𝑛  
 
, (4) 
∑   
where 𝑚 refers to the hydrocarbon group number in the fuel, 𝑛 is the carbon number of 
the 𝑖  component in group 𝑚 and 𝑌 is the mass fraction of the 𝑖  component in 
group𝑚. The nearest integer of the carbon number (ADC) was determined in Equation 
(4). In addition, we used the mass fractions 𝑌  (instead of the molar fractions) to calcu‐
late the ADC group averaged carbon number 𝑛 . These mass fractions were used to 
demonstrate the importance of heavy components on the expense of less important 
(lighter) ones for the prediction of droplet lifetime. For example, alkanes (the heaviest 
group) make up to 44.53% of diesel mass fractions (only 41.48% diesel molar fractions), 
which dominates the fuel composition at the expense of lighter components—such as 
naphthalenes, with up to 7.46% mass fractions (9% molar fractions), and alkylbenzenes, 
with up to 13.62% mass fractions (16.75 molar fractions). 
The integer ADCs were generated within each group, where 𝑎𝑚 and 𝑏𝑚were the 
start and end counted components of the grouped species, respectively, and 𝑎𝑚 for the 
second grouped components was 𝑏𝑚 . 
The ignition time delays of kerosene surrogates were estimated at different combus‐
tion temperatures, pressures, and equivalence ratios. The Arrhenius relationships of igni‐
tion time delay suggested in [41] for RP‐3 kerosene was used for the suggested surrogate 
(53.4% iso‐decane and 46.6% cyclododecane) using the appropriate activation energy. The 
relationships can be expressed as [42]: 
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where 𝑃 is the pressure in Pa, ϕ is the equivalence ratio (fuel/air ratio), 𝐸𝑎 is the activa‐
tion energy, which is 134.68 kJ/mol, 𝑅 is the universal gas constant in kJ/mol. K and 𝑇 is 
the oxidation temperature in K. The ignition time delay of the suggested kerosene surro‐
gate was compared to the full composition of kerosene fuel. The ignition time delay of the 
latter one was estimated based on a modified form of the Arrhenius relationships (using 
the appropriate activation energy), recommended for a multi‐component kerosene of n‐
decane, n‐dodecane, isocetane, methylcyclohexane and toluene with a molar fraction of 
14%, 10%, 30%, 36% and 10%, respectively. Further details on this expression can be found 
in [42]: 





The 𝐸𝑎 for the kerosene fuel is 132.8 kJ/mole. 
3. Fuel Composition 
The Complex Fuel Surrogate Model (CFSM), which has been discussed and pre‐
sented in detail in earlier studies (e.g., [34,43]), was used for the formulation of the kero‐
sene surrogate [44]. The composition of the full kerosene is shown in Table 1. 





Iso‐ Cycloalkanes/olef Alkylbenzen Naphtobenzen Diaromati 
alkanes ins es es cs 
C7 0.19 0.23 0.17 0.09  ‐ ‐
C8 0.19 0.39 0.63 0.61  ‐ ‐
C9 0.49 1.72 2.38 1.56 0.22  ‐
C10 0.7 4.09 5.83 2.72 1.06 0.09 
C11 0.75 5.33 6.93 2.19 1.81 0.25 
C12 1.15 6.67 7.4 3 3.48 0.3 
C13 0.87 5.06 4.49 2.91 0.9 0.06 
C14 0.89 5.14 3.78 1.74 0.24  ‐
C15 0.57 5.63 1.67 0.35  ‐ ‐
C16 0.05 2.11 0.74  ‐ ‐ ‐
C17  ‐ ‐ 0.48  ‐ ‐ ‐
Total % 5.84 36.09 34.52 15.16 7.7 0.7 
The composition shown in Table 1 was investigated in terms of heating and evapo‐
ration using the DMCM. The CFSM was then used to generate a surrogate for the kerosene 
fuel. The CFSM was limited for two Approximate Discrete Components (ADC) (i.e., the 
generated surrogate consisted of two components only). This limit in the number of com‐
ponents was because the generated surrogate was later used for combustion studies using 
detailed chemical mechanisms. The two generated ADC were iso‐decane C H  and 
cyclododecane C H , with fractions of 0.534 and 0.466, respectively. These two com‐
ponents with their fractions represent the suggested surrogate for kerosene. The evolu‐
tions of the droplet diameter for the suggested surrogate, using the CFSM, were compared 
with the predictions of the Multi‐Dimensional Quasi‐Discrete Model (MDQDM) and 
DMCM (Figure 1). For this comparison, a single droplet was considered using some typ‐
ical gas turbine conditions. The initial droplet diameter and temperature were 100 μm and 
375 K, respectively. The ambient gas temperature and pressure were 800 K and 0.4 MPa, 
respectively. 
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Figure 1. The droplet evaporation versus time for kerosene using the DMCM, MDQDM and surro‐
gate (CFSM). 
Compared to the full composition, the suggested surrogate shows a 7.6% deviation. 
This deviation can be well reduced if only one extra component was considered for the 
surrogate. For the implementation and combustions studies, however, this deviation is 
acceptable in order to maintain no more than two components. 
4. Pre‐Combustion Analysis 
The main reason behind the implementation of the DMCM model into ANSYS Fluent 
is due to the fact that the latter software tool does not take into account several factors for 
the droplet heating and evaporation, e.g., the temperature gradient, diffusion of species 
and internal recirculation inside moving droplets. Instead, it is based on the assumption 
that all of these factors can be ignored. The reasons behind these simplifications were dis‐
cussed in [45]. The work presented in [46] was the first work that investigated the imple‐
mentation of a model for droplet heating and evaporation by accounting for the temper‐
ature gradient inside the droplet. The work of [46] was for a mono‐component. This work 
was then generalised in [47] for the case of binary components, in which, the diffusion of 
species was also considered, combined with the temperature gradient inside the droplet. 
The latter work, however, was conducted for cooling evaporation, in which, the droplet 
was left in the ambient for evaporation. Furthermore, no full evaporation was observed. 
In this proof‐of‐concept work, the thesis finding of CFSM was implemented into a 
commercial CFD code with an attempt to simulate the gas turbine combustion processes. 
A detailed analysis of the heating and evaporation of the generated kerosene fuel surro‐
gate was implemented into the 3D CFD model. The implemented heating and evaporation 
model takes into account the temperature gradient, species diffusion and recirculation in‐
side droplets. Such an approach is the first of its kind for any former literature work. This 
was achieved via the implementation of the DMCM into ANSYS Fluent using the UDF. 
The heating and evaporation were assumed to take place in a can‐type combustor. The 
computational domain and polyhedral mesh used for the hydrodynamic model are 
shown in Figure 2. 
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Figure 2. The can combustor geometry, showing (a) the internal walls of the system and (b) the 
polyhedral mesh used in the CFD simulation. The cell volume range is 0.0057647—470 mm , the 
face cell area range is 0.014—8 mm  and the total number of cells is 262,255. 
The droplet lifetime predicted by the new ANSYS CFD model was assessed in com‐
parison to the original in‐house code for a 100 μm diameter droplet moving in stationary 
air at 𝑈   1 m/s. The initial fuel temperature was 𝑇   375 K under the ambient air tem‐
perature and a pressure of 𝑇   800 K and 𝑝   0.4 MPa, respectively. In Figure 2, the 
evolution of the droplet diameter with time is presented using three approaches: (1) the 
results predicted by standard ANSYS Fluent software using constant properties; (2) the 
results predicted by ANSYS Fluent and transient properties of fuel components using the 
UDF, but without the CFSM; and (3) ANSYS Fluent results with the full implementation 
of the CFSM and transient thermodynamic and transport properties. 
As follows from Figure 3, the incorporation of the DMCM into ANSYS Fluent leads 
to a prediction of up to 10.4% longer evaporation times compared to the case when the 
standard ANSYS Fluent model is used. A contour of the droplet evaporation inside the 
can combustor is shown in Figure 4. As can be seen from that figure, all droplets are in‐
jected at a diameter of 100 μm, and all of these droplets are evaporated at around a dis‐
tance of 40% of the injection point. The results validating the ANSYS Fluent simulation 
that incorporated the new model is presented in Figure 5. The validation was carried out 
by comparing the computed results with experimental data reported in the literature [48]. 
This was based on a kerosene droplet with an initial diameter of 1.8 mm and initial tem‐
perature of 298 K. The droplet was exposed to an air flow rate of 20 L/min at 0.1 MPa 
ambient pressure. As can be seen from Figure 3, there is a general agreement between the 
numerical results and experimental data. In the CFSM analyses, the effect of thermal 
swelling on droplet heating and evaporation was taken into account. 
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Figure 3. The evolutions of droplet diameter using the three modelling approaches: 1 refers to 
standard ANSYS Fluent results, with constant properties, 2 refers to ANSYS Fluent results, with 











Figure 4. Profile of droplet diameter starting from the injection until full evaporation. 
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Figure 5. The validation of the models for the normalised squared droplet diameters predicted by 
the standard ANSYS Fluent (solid curve), and ANSYS Fluent incorporating the CFSM (dotted 
curve), using data reported in [48] (bold triangles) for kerosene fuel. 
5. Combustion Analysis 
The combustion characteristics of the suggested surrogate (53.4% iso‐decane and 
46.6% cyclododecane) were also compared with the simulated results of a suggested ker‐
osene surrogate in ANSYS. The latter surrogate consists of one hypothetical component 
(C12H23), which does not exist in real life. The combustion of the surrogates was investi‐
gated based on the partially premixed combustion model with FGM state relation for a 
diffusion flamelet and a non‐adiabatic system. A co‐axial air‐blast atomiser was used with 
primary and secondary air and fuel mass flowrates of 0.15, 0.025 and 0.003 kg/s, respec‐
tively. The main input parameters for the simulation are presented in Table 2. 
Table 2. Input parameters used for the combustion simulation. 
Parameter Value Unit 
Primary injection air velocity 10 m/s 
Secondary injection air velocity 6 m/s 
Fuel mass flowrate 0.003 Kg/s 
Ambient pressure 0.4 MPa 
Air temp 293 K 
Fuel temp 375 K 
Oxidation temp 800 K 
A realizable 𝜅 𝜀  turbulence model was used for the hydrodynamic region with en‐
hanced wall treatment. The combustion mechanism of iso‐decane and cyclododecane 
(components of the suggested surrogate) were imported from [49]. The chemical mecha‐
nisms of iso‐decane and cyclododecane were merged together using ANSYS Chemkin. 
The resulting chemical mechanism of the two components included 194 species with 1459 
reactions. The domain pressure and velocity were coupled in a quasi‐transient manner. 
The chemical reaction model showed a homogeneous combustion. Further illustrations of 
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the combustion species formation inside the can combustor, and at various sections along 
its length, are provided in Figures 6–8. 
Figure 6. The species distribution, (a) NOX and (b) CO2, at the symmetry plane of the combustion 
chamber using the suggested kerosene surrogate (53.4% iso‐decane and 46.6% cyclododecane). 
As can be seen from Figure 6, the entrainment of air flow enhances the oxidation of 
the mixture (suggested surrogate and air) with charge from the dilution holes. The NOX, 
and CO2 are at a relatively low level, indicating well‐diluted fuel leading to a complete 
combustion. The above results were obtained for the suggested surrogate. The species 
distributions were also obtained for the ANSYS kerosene surrogate. The distribution of 
NOX and CO2 are shown in Figure 7. It can be seen that the implementation of the detailed 
combustion chemistry of the suggested kerosene surrogate can lead to lower NOX and 
CO2. This is attributed to the combustion chemistry of the ANSYS kerosene surrogate, 
which does not include a detailed species generated because of the combustion process. 
Instead, it includes only 20 species (N2, O2, C12H23, CO, CO2, H2O, H2, C, OH, CH4, H, O, 
HO2, H2O2, HCO, CHO, NO, HOCO, C2H6 and HCOOH). Hence, the mass fractions of 
NOX and CO2 are higher than those of the suggested surrogate (using the CFSM) with the 
detailed combustion chemistry. 
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Figure 7. Species formation and distribution across the can combustor at four planes, showing (a) the four planes along 
the combustor and (b) the profile contours for the four planes. 
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Figure 8. The species distribution, (a) NOX and (b) CO2, at the symmetry plane of the combustion chamber using ANSYS 
kerosene surrogate (C12H23). 
The thermodynamic characteristics of the combustion process of the suggested sur‐
rogate and ANSYS surrogate are presented in Table 3. A noticeable difference between 
the two surrogates is observed. The thermodynamic characteristics of the ANSYS surro‐
gate are always higher because, on average, this surrogate is heavier than the suggested 
surrogate. 
Table 3. Thermodynamic characteristics of the combustion process. 
Parameter 
Total reaction heat (MJ/kg) 
Internal energy (MJ/kg) 
Total enthalpy at the outlet (MJ/kg) 
ANSYS 
Surrogate 
4.99  10  
3.11  10  
3.48  10  
Suggested 
Surrogate 
−4.03  10  
3.05  10  
3.41  10  
Evaporation enthalpy (MJ/kg) −1.61 −1.473 
A comparison between the ignition time delay (τign) of the full composition of the 
kerosene fuel and the two surrogates (suggested surrogate and ANSYS surrogate) is pre‐
sented in Figure 9. The analysis is conducted at an ambient pressure of 0.4 MPa, an equiv‐
alence ratio of 1 and an oxidation temperature range of 1000–1500 K. The prediction of the 
ignition time delays of the fuel and its suggested surrogate are very close at the high oxi‐
dation temperature. However, a significant difference is noticed at the low oxidation tem‐
perature. To improve the predictions of the ignition time delay at the low oxidation tem‐
perature, a surrogate with a higher number of components is possibly needed. The igni‐
tion time delay of the surrogate suggested in ANSYS deviates significantly from that of 
the full composition of kerosene fuel. The main reason behind that deviation is that the 
activation energy of the ANSYS surrogate is noticeably low (118 kJ/mole). 
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Figure 9. Ignition time delay of the full composition of kerosene fuel and its surrogates (suggested 
surrogate and ANSYS surrogate) at pressure of 4 MPa and equivalence ratio of 1. 
Based on the results obtained above, one can say that formulated surrogates should 
include a higher number of components (not only two as suggested) in order to improve 
the prediction’s accuracy. This vision can be true to a limited extent, since the chemical 
mechanisms are compatible for a wider range of components. If a certain fuel is repre‐
sented by at least two components with a reasonable component fraction, these two com‐
ponents can reproduce certain characteristics of that fuel with a negligible deviation. For 
example, representing kerosene fuel by n‐hexadecane only will overpredict its evapora‐
tion time, whereas the evaporation time will be underpredicted if the kerosene fuel is rep‐
resented by n‐octane only. Therefore, using a mixture of the two components with an ap‐
propriate distribution to their mass fractions may solve the problem. This will also reduce 
the computational cost significantly. Based on these justifications, the suggested surrogate 
generated by the CFSM consisted of two components in this paper. 
6. Conclusions 
A new heating and evaporation model based on the analytical solutions to transient 
heat transfer and species diffusion equations was implemented into the commercial CFD 
software ANSYS Fluent. The model was analysed for the fuel droplet and spray heating, 
evaporation and combustion in real gas turbine engine conditions. The customised ver‐
sion (using the ETC/ED models) and original version (using the ITC/ID models) of ANSYS 
Fluent were applied in order to analyse the real‐scale gas turbine canister. 
The Complex Fuel Surrogate Model (CFSM) was used to generate a surrogate for 
kerosene fuel. A heating and evaporation model including the suggest surrogate was then 
implemented into ANSYS Fluent for verification. The combustion of the suggested surro‐
gate was also investigated based on the partially premixed combustion model. The chem‐
ical mechanism of 194 species with 1459 reactions was implemented into the CFD code. 
The ignition time delay of the suggested surrogate was compared to those of the surrogate 
suggested by ANSYS and the full composition of kerosene fuel. 
Results proved that the customised version of ANSYS Fluent, including the imple‐
mented model, showed a close agreement with the experimental data. This was attributed 
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to the physics inside the droplet that the implemented model considered, which were the 
temperature gradient, recirculation and, mainly, the species diffusion. The generated sur‐
rogate, using the CFSM, showed closer predictions for the ignition time delay to the full 
composition of kerosene fuel than that of the surrogate suggested by ANSYS. It was 
demonstrated through simulations that the surrogate of at least two components can cap‐
ture the actual characteristics of the real fuel if there is an appropriate distribution to the 
mass fraction of these two components. This will have a substantial influence in terms of 
the computational efficiency. 
It is expected that this research finding will feed into future research on the accurate 
modelling of combustion processes. For instance, a greater focus on extended applications 
will be needed, such as the impacts of bio‐/fossil‐fuel fuel blends on the engine perfor‐
mance, and a wider range of combustion systems. 
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